Background: Acute cholecystitis occurs frequently in the elderly and in patients with gall stones. Most cases of severe or recurrent cholecystitis eventually require surgery, usually laparoscopic cholecystectomy in the Western World. It is unclear whether an initial, conservative approach with antibiotic and symptomatic therapy followed by delayed elective surgery would result in better morbidity and outcome than immediate surgery. At present, treatment is generally determined by whether the patient first sees a surgeon or a gastroenterologist. We wish to investigate whether both approaches are equivalent. The primary endpoint is the morbidity until day 75 after inclusion into the study.
Background

Medical problem
Acute cholecystitis is one of the most significant acute diseases in the Western World, and may be associated with only mild pain and nausea or become a severe, life-threatening illness due to complications. Acute cholecystitis is mainly caused by gall stones, whilst cholestasis is mainly associated with superinfection with bacteria, in general species of enterobacteria, enterococci, bacteroides and anaerobic streptococci [1] .
The principal complication is recurrent biliary colic and cholestasis. The latter may lead to ascending cholangitis, and whilst this can be managed with antibiotics, other complications can not be cured conservatively, such as gangrenous changes, gall bladder perforation and biliary leakage, and acute necrotic gallstone pancreatitis [2] [3] [4] [5] . Liver abscesses and underlying incidental carcinoma have also been reported in some cases [2, 6] .
The risk of developing second and subsequent episodes of acute cholecystitis is higher than the risk of suffering an initial episode [7, 8] . Laparoscopic cholecystectomy is therefore usually recommended, but whether this should be performed immediately or after first giving antibiotic treatment to allow the acute condition to subside is controversial [9] [10] [11] [12] .
Immediate surgery versus conservative procedure with subsequent elective surgery
The approach taken is often decided by whether the patient first sees a gastroenterologist, who favors conservative initial antibiotic therapy with later elective surgery, or a surgeon, who favors immediate surgery.
It is still unclear which approach is better in medical and health economic terms. The infection may not respond to conservative treatment on one hand, on the other hand surgical intervention while the disease is acute may increase complications, and conversion to open surgery may be necessary. It is unclear whether it is better to conduct early cholecystectomy, thereby avoiding the risk of recurrent cholecystitis or pancreatitis.
A meta-analysis by Papi et al. (2003) including 12 prospective randomized trials showed no significant difference for morbidity and mortality between immediate surgical intervention (laparoscopic or open) and elective surgery after the acute inflammation had subsided [13] . The numbers of patients and rates of complications were too low to enable any conclusions to be drawn. Also, their definition of "immediate" was between 1 and 7 days after disease onset, while the modern standard favors laparoscopic surgery within 24 hours of onset [14, 15] .
All studies in the meta-analysis had been performed between 1970 and 2000, and Papi concluded that new studies in an adequate number of patients to show statistical significance should be performed [13] . Two subsequent prospective randomized trials concerning the appropriate timing for surgery also failed to lead to conclusive results, except for a slightly shorter hospital stay in patients treated with immediate surgery [16, 17] .
In many centers early cholecystectomy is well established although the evidence is not yet conclusive. To our knowledge there has never been a study in which both specialties -gastroenterology and surgery -are equally involved.
Choice of antibiotic
Moxifloxacin (Avalox ® ) covers the spectrum of gram-positive, gram-negative and anaerobic bacteria usually responsible for intra-abdominal infections [18] [19] [20] . It can be applied orally or intravenously in a single dose of 400 mg/day, resulting in bile concentrations significantly above the minimum inhibitory concentration [21] , and 3-4 times higher than plasma concentrations [22] .
A controlled double-blinded study in 379 patients in the USA showed moxifloxacin to be at least as effective as standard treatment by with piperacillin + tazobactam i.v. followed by oral amoxicillin+clavulanate in complicated intra-abdominal infections [23, 24] . A European prospective randomized and controlled open-label study showed equivalent efficacy for moxifloxacin and ceftriaxone plus metronidazole (AIDA study) [25] . Moxifloxacin was effective and well-tolerated in both studies, with gastrointestinal disorders like nausea and diarrhea being the most frequent adverse events [26, 27] .
Study Design
Aim of the study The objective of this trial is to compare the 75-day morbidity of two different approaches to the treatment of acute cholecystitis: (i) laparoscopic cholecystectomy within 24 hours of hospital admission; and (ii) initial antibiotic treatment with moxifloxacin followed by cholecystectomy in the infection-free interval (Day 7 to 45).
Organization of the study
The trial is a GCP-compliant, multicenter, prospective, randomized non-blinded study. Patients with acute cholecystitis meeting the inclusion criteria are randomized to one of the treatment arms. The study is being audited by members of a contract research organization (CRO) and may be subject to government inspection. The trial was approved by the German authorities and Ethical committees.
Number of patients needed
The primary aim of the study is to compare morbidity in the two groups 75 days after enrolment. A difference in morbidity of less than 10% is defined as equivalent. The null-hypothesis is /ρ M1 -ρ M2 /> 0.1, where ρ Mi is the morbidity rate of treatment group i. Complications are expected in 16% of patients in each group; each group therefore needs to enroll 273 patients to permit verification of the null-hypothesis with an α-error of 0.05 and a β-error at 0.15, yielding a power of 90%. Assuming a validity rate of 85%, 322 patients are required per group, resulting in a total patient sample of 644. 
Eligibility criteria
Ethics, Study Registration and Consent
The final protocol was approved by the independent ethics committee of the University of Heidelberg. The study was registered at ClinicalTrials.gov (NCT00447304). Patients who are scheduled for laparoscopic cholecystectomy (immediate or elective) due to acute cholecystitis are informed about the trial (laparoscopic surgery, possibility of conversion to open surgery, other risks, benefits and confidential handling of documented findings) and are given the opportunity to participate at the screening visit. 
Randomisation and procedures for minimizing bias
This study is randomized to minimize bias. Sealed randomization envelopes are provided in packs of four by the CRO and are held centrally at each investigational site. An envelope is opened when a patient agrees to take part and patients are informed whether they are to be treated with immediate surgery or initial conservative antibiotic therapy.
Study treatment
Day 1 is defined as the day the patient presents to the hospital. He undergoes a physical examination, vital signs are documented, and an abdominal ultrasound investigation is performed to confirm the diagnosis of acute cholecystitis. A blood sample is also taken for standard laboratory diagnosis (including Na, K, INR, Hb, platelets, leukocytes, bilirubin, ALT, AST, gamma-GT, AP, amylase, lipase, urea, creatinin and CRP). All relevant concomitant diseases (e.g. coronary heart disease, diabetes mellitus) indicative for morbidity and mortality are recorded [28] .
The patient is informed about the trial and is given the opportunity to participate. After the patient has given his informed consent, he is randomized, and all baseline findings, date of birth, age, sex, medical history, height and weight are documented in the CRF.
All patients are examined daily while in the hospital. Different complications and side effects that may affect the patients during the study are listed and scored differently in increasing severity. Death as worst outcome is scored the sum of all complications plus 1.
Procedure for patients receiving primarily conservative therapy with elective surgery
• Therapy with i.v. moxifloxacin 400 mg once daily for 48 hours followed by oral moxifloxacin 400 mg per day. Discontinuation of moxifloxacin after Day 7, provided body temperature, CRP and leukocytes are normal
• Discharge of the patient as soon as possible after Day 4 on oral moxifloxacin
• Elective cholecystectomy between Days 7 and 45 after admission to study using single-shot moxifloxacin i.v. for prophylaxis
• Test-of-Cure visit at Day 75
Primary and secondary endpoints
Primary endpoints
Primary endpoint is morbidity at the test-of-cure (TOC) visit (75 days after trial inclusion) in the tested population valid for efficacy.
Secondary endpoints
1. Morbidity over 75 days using the scoring system showed in Table 2 2. Morbidity 3 days after cholecystectomy (immediate and elective) 
Adverse events and serious adverse events
Adverse events and serious adverse events and deaths occurring up to Day 75 were recorded. An adverse event (AE) is every medical event that worsens or impairs the well-being of the patient not being part of the natural course of the disease but may be due to treatment or drug application. The term AE can cover any sign, symptom or reaction, including not normal laboratory findings, independent if caused by the tested procedure and medication or not. Adverse event intensity (mild, moderate or severe) and relationship to the treatment or the study drug moxifloxacin (probable, possible, unlikely or none) were categorized. Serious adverse events (SAEs) included those events that were fatal, life-threatening, required hospitalization, resulted in disability or otherwise endangered the patient.
All AEs and SAEs will be documented in detail in the case report form (CRF) and will be reported to the principal investigator at regular intervals. SAEs have to be reported within 24 hours to the principal investigator, and must be documented separately on an SAE report form within 24 hours. According to law and guidelines, SAEs have to be reported to the ethics committee(s) and supervisory board(s) as necessary. The period of observation for AE reporting is from Day 1 to Day 75.
Discussion
All statistical tests will be performed two-sided with a level of significance of 5%. The patients will be analyzed as treated. The principle analysis will be on evaluable patients and a supportive intent-to-treat analysis will be performed. Patients will be stratified according to severity of their condition (ASA ≤ 2 vs. ASA > 2); the principle analysis will be stratified, but a non-stratified analysis will also be performed
The groups will be tested for equivalence of distribution of age, sex and body mass index. The analysis will be conducted using analysis of variance with the factors study group and severity of disease, stratified by the CochranMantel-Haenszel test.
95% confidence intervals (CI) for the difference of morbidity rates will be calculated. If and only if this CI lies between -10% and +10% the two procedures will be considered equivalent. The calculation of the 95% CI will be stratified by severity (ASA ≤ 2 vs. ASA > 2). A Breslow-Day test will be performed to check for homogeneity between these two strata.
Amongst the secondary variables, the mean morbidity score in the two groups stratified by severity of disease will be compared using the Wilcoxon rank-sum test. Where appropriate, descriptive statistics will also be performed for all other variables.
Study organization
All eligible patients are seen by a gastroenterologist or surgeon and are enrolled after giving informed consent. The incidence of patients with acute cholecystitis ranges from 10 to >100 per year at different investigational sites. With about 30 sites, it is estimated that enrollment of 644 patients will take about 24 months. All findings are recorded in the patients medical records and CRF provided for this study by the investigator. Data verification
